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© Display device. 



© A display device (1) comprises a matrix (2) of 
selectively settable liquid crystal cells (3) and a 
plurality of light sources (4, 5, 6) to produce a 
plurality of beams of differently coloured light. Light 
shutter means (7, 8, 9 or 20) provided between the 
matrix (2) and the light sources (4, 5, 6) include a 
plurality of liquid crystal portions (7, 8, 9 or 21) 
which are each switchable between a light-transmit- 
ting mode and a light-blocking mode. Colour selec- 
tive sequential illumination of the matrix is effected 
by appropriate switching of the plurality of liquid 
crystal portions (7, 8, 9 or 21) between modes. 
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DISPLAY DEVICE 



The present invention relates to a liquid crystal 
display. 

British Patent Specification No. 1433327 dis- 
closes a colour television display using three con- 
stant light sources producing red, green and blue 
light respectively to light a matrix of cells via a 
plurality of optical fibres. Associated with each 
source is a single liquid crystal cell whose trans- 
mission is modulated by the corresponding colour 
component of the video signal. The cells of the 
matrix are addressed sequentially and switched on 
and off to provide the television scan. 

British Patent Specification No. 2172733A dis- 
closes a three-colour field-sequential television dis- 
play in which three light sources are switched on 
sequentially for a third of a field period. A matrix of 
liquid crystal cells controlled by the video signal 
modulates the intensity of the light emitted by the 
switched light source. A problem with such a dis- 
play is that it is difficult to obtain light sources with 
suitable switching characteristics. In one embodi- 
ment, shown in Figure 8 of that document, there is 
provided, however, a single non-switched light 
source and a rotatable multi-coloured, segmented 
filter. 

The present invention provides a display de- 
vice for the production of an image comprising a 
matrix of selectively settable liquid crystal cells; 
means to produce a plurality of beams of dif- 
ferently coloured light including at least one light 
source: 

light-shutter means including a plurality of liquid 
crystal portions for location in the light path be- 
tween said at least one light source and the matrix, 
the liquid crystal portions being switchable between 
a light-transmitting mode and a light-blocking 
mode; 

and means to effect colour selective sequential 
illumination of the matrix by appropriate switching 
of said plurality of liquid crystal portions between 
modes. 

Preferably, the display device has three light 
sources, each corresponding to a different primary 
colour, each light source having a separate asso- 
ciated light-shutter means. 

In this way, the initiation and termination of the 
illumination operation is achieved by the switching 
of the liquid crystal portion of the light shutter, 
which can be effected much faster than can the 
energisation or de-energisation of the light source 
itself. The light sources can be maintained on at all 
times. Alternatively, they can be switched to a 
"power down" state when not required for illumina- 
tion, thereby conserving energy; for example, the 
sources can be maintained, when not required, in 



an energised condition where light output is low or 
insignificant. 

In order that the invention may more readily be 
understood, a description is now given, by way of 
5 example only, reference being made to the accom- 
panying drawings, in which:- 

Figure 1 shows schematically part of a liquid 
crystal display embodying the present invention; 
and 

jo Figure 2 shows another form of light shutter 

for use in a display embodying the present inven- 
tion. 

As shown in Figure 1, a display 1 has a mul- 
tiplexable matrix 2 of selectively settable, i.e. op- 

15 erable, ferroelectric liquid crystal cells 3, the matrix 
2 being back lit by red, green and blue light 
sources 4, 5 and 6 respectively, to produce beams 
of differently coloured light. In front of each light 
source 4, 5, 6 is placed a light valve shutter 7, 8 

20 and 9 made of encapsulated liquid crystal material 
switchable between a light-transmitting mode and a 
light blocking mode. Colour selective sequential 
illumination of the matrix is effected by an illumina- 
tion driver 10 controlled by a video processor 11 

25 which switches the shutters 7, 8, 9 such that each 
is switched on for only one third of each frame 
period. The matrix 2 of cells 3 is updated at three 
times the normal frame rate to produce an image 
so that the appropriate amount of red, green and 

30 blue light is transmitted by each pixel, i.e. each cell 
3, when each of the respective shutters 7, 8, 9 is 
switched to Its light-transmitting mode to allow 
through light from the respective light sources 4, 5, 
6. 

35 Given a basic TV frame rate of 50 Hz, the 
basic frame period is 20 ms and the 'light on' 
period for each shutter is about 7 ms. Current 
liquid crystal materials with a switching time of 5 
ms are therefore adequate for use in the light 

40 shutters for this purpose. The light sources may be 
of filtered white light, or for the purposes of energy 
conservation, may be made in such a way as to 
emit light of the chosen wavelength. In the latter 
case the power consumption requirements of the 

45 display could be competitive with those of a con- 
ventional filtered display. Several light sources 
(with associated liquid crystal shutters) might be 
required for each colour to provide even illumina- 
tion, 

so In an alternative embodiment, as shown in Fig- 
ure 2, an extended light source switchable between 
the three colours to produce beams of differently 
coloured light could be made as follows. A light 
shutter 20 has a sheet of encapsulated liquid cry- 
stal material 21 made such that one side carries a 
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continuous transparent electrode 22 and the other 
a large number of small parallel electrodes 23 to 
31 with a coloured filter deposited on each elec- 
trode such that the colour sequence is red, green, 
blue, red, green, blue and so on. Thus the portions 
of light shutter 20 overlying electrodes 23, 26 and 
29 allow through red light when shutter 20 is appro- 
priately driven, likewise those portions correspond- 
ing to electrodes 24, 27, 30 in relation to green 
light, and portions relating to electrodes 25, 28 and 
31 for blue light. The light shutter 20 could be 
laminated to a diffusing screen, (not shown) which 
could also form the backplate of the ferroelectric 
display (not shown) and the whole back lit by an 
extended white light source or by a plurality of 
white light sources. By appropriate switching of the 
electrodes on the encapsulated material, a uniform, 
extended source of red, green or blue light could 
be produced. As with the embodiment of Figure 1, 
colour selective sequential illumination of the matrix 
would be effected by an illumination driver com- 
prising of red driver 32, a green driver 33 and a 
blue driver 33 and controlled by a video processor 
(not shown) such that each of the three primary 
colours is transmitted for only one third of each 
frame period. The ferroelectric display (not shown) 
would comprise a matrix of liquid crystal cells 
which would be updated at three times the normal 
frame rate to produce an image so that the appro- 
priate amount of red, green and blue light is trans- 
mitted by each pixel, i.e. cell, when the respective 
colour is transmitted by the light shutter 20. 

In either of the examples given above the col- 
our balance could easily be adjusted by electrically 
varying the degree of optical transmission of the 
light valve shutters in their transmissive state. In 
the event that the contrast ratio of the liquid crystal 
shutters is inadequate two or more could be used 
sandwiched together. 



illumination of the matrix by appropriate switching 
of said plurality of liquid crystal portions between 
modes. 

2. A display device according to Claim 1 
wherein said means to produce a plurality of 
beams of differently coloured light comprises 
means to produce beams of light of the three 
primary colours. 

3. A display device according to Claims 1 or 2 
wherein said means to produce a plurality of 
beams of differently coloured light comprises a 
plurality of light sources each for producing a beam 
of a differently coloured light. 

4. A display device according to any one of the 
preceding claims wherein a light shutter means is 
associated with each of a said beam of differently 
coloured light. 



Claims 



1. A display device for the production of an 
image comprising a matrix of selectively settable 45 
liquid crystal cells; 

means to produce a plurality of beams of dif- 
ferently coloured light including at least one light 
source; 

light-shutter means including a plurality of liquid 50 
crystal portions for location in the light path be- 
tween said at least one light source and said ma- 
trix, the liquid crystal portions being switchable 
between a light-transmitting mode and a light-bloc- 
king mode; 55 
and means to effect colour selective sequential 
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